Abstract. The Lyapunov, Lagrange and Poincaré criteria are tested for orbits of 461 open clusters in an axisymmetric potential. Lyapunov exponents and Poincaré sections are computed, and all of the trajectories are found to be stable according to the Lagrange and Poincaré stability criteria. At the same time, some trajectories appear to exhibit minor instability according to the Lyapunov stability criterion.
INTRODUCTION
Chaos theory studies the behavior of dynamical systems that are highly sensitive to initial conditions even if these systems are deterministic (Kuznetsov 2001) . Open clusters in a Galactic potential can be an example of such stochastic behavior. In this paper we address the question of whether trajectories of open clusters in the Galaxy are regular or stochastic. To achieve the goal, we use the following criteria:
Lagrange. According to Lagrange, the trajectory is stable if it occupies a finite region of the phase space.
Poincaré. Surfaces of section first used by Poincaré allow one to distinguish between regular and chaotic trajectories. A surface of section can be constructed by following the trajectory and identifying the points (consequents) where the cluster crosses some plane in the subspace allowed by the classical integrals of motions (energy and angular momentum). The trajectory is considered to be stable if the consequents appear to lie on a smooth curve called the invariant curve.
Lyapunov. The trajectory is Lyapunov stable if all solutions starting close to the initial conditions remain close forever. The Lyapynov exponent λ characterizes the rate of divergence of close trajectories. For an unstable trajectory, λ > 0, whereas λ ≤ 0 corresponds to an asymptotically stable trajectory (Schuster 1984) .
CALCULATIONS AND RESULTS
To compute cluster orbits, we adopt for the Galactic potential the model by Gardner et al. (2001) assuming R ⊙ = 8.0 kpc and V ⊙ = 220.0 km s −1 . This model consists of two spherical components (bulge and halo), a three-component gaseous disk, and a three-component stellar disk. Each of the disk components is described by a Miyamoto-Nagai potential. We adopt the initial conditions for the cluster orbits, based on the data from the open cluster catalogues by Kharchenko et al. (2005) and Dias et al. (2002; updated version of 2010) . We used the fourth-order Runge-Kutta scheme to integrate the trajectories in the meridional plane and in 3D Cartesian coordinates over a 1-Gyr long time interval. The average fractional errors of the total energy and total angular momentum conservation are |∆E|/E ∼ 10 −10 and |∆L|/L ∼ 10 −16 , respectively. Most of the orbits are box shaped. Wu & Jiang (2009) obtained similar results using the Galactic gravitational potential of Allen & Santillán (1991) .
In our computations, the trajectories of all clusters are confined to finite regions, suggesting that they are stable according to the Lagrange criterion. Some of the trajectories appear disordered in the Cartesian coordinates, but are compact in the meridional plane (Fig. 1) . These trajectories (20 in total) are characterized by large heights from the Galactic midplane. These clusters and their ages are listed in Table 1 . Gozha et al. (2012) suggest that some of the clusters (e.g., Berkeley 20, 21, 29, 31, 33) belong to the population of the Galactic halo rather than that of the disk. In this respect the trajectories of the open clusters considered resemble typical orbits of globular clusters.
In most of the cases, the Poincaré maps in the z = 0 plane reveal circular invariant curves corresponding to quasi-periodic orbits. In two cases, however, we obtained maps consisting of several consequents corresponding to periodic orbits. These results indicate that the trajectories considered are stable according to the Poincaré criterion. We computed the Lyapunov exponents λ for each phase-space coordinate. Table 2 lists the mean exponents λ with their errors, as well as the minimum and maximum λ values for the entire sample of open clusters. The exponents for four components are close to zero, however, those along the z and V r coordinates are significantly positive. Fig. 2 shows the Lyapunov exponent profiles for a cluster with the exponents tending to zero with time.
CONCLUSIONS
We computed open cluster trajectories in an axisymmetric Galactic potential (the model by Gardner et al. 2001 ) and analyzed them both in the meridional plane and in Cartesian coordinates. We showed the orbits to be stable according to the Lagrange and Poincar'e stability criteria. The computed Lyapunov exponents indicate that the trajectories computed are slightly unstable in the direction perpendicular to the Galactic plane and along the radial velocity component. 
